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Abstract 
Alstom Power and The Dow Chemical Company have jointly developed an Advanced Amine Process (AAP) 
utilizing Dow’s advanced amine solvent formulation UCARSOL™ FGC-3000 for the capture of CO2 from fossil 
fuel power plant-generated flue gas. This development effort includes the use of facilities to address operational 
issues such as energy efficiency and solvent management, along with environmental factors such as emissions and 
wastes. A new demonstration facility has been constructed in Le Havre, France, through a partnership between 
Alstom and Électricité de France (EDF) with support from ADEME, the French Environment and Energy 
Management Agency. This facility is designed to capture 25 tonnes of CO2/day at a 90% capture rate on a slip-
stream flue gas from a hard coal-fired power plant. 
 
The EDF-Le Havre demonstration plant is equipped with flue gas conditioning for controlling the water content, 
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temperature and SOx level of the incoming flue gas stream.  The CO2 absorber column contains structured packing 
selected for optimal CO2 capture efficiency and fluid flow characteristics.  The exiting flue gas passes through a 
water wash section designed to capture residual amine emissions. Amine solvent management comprises an amine 
reclamation system and assisted by an on-site amine solvent analytical laboratory. 
 
The quality of the incoming flue gas, the exiting flue gas and CO2 product gas streams are assessed through various 
gas sample locations in the pilot plant. Amine solvent sampling is available at various locations throughout the 
amine circulation loop as well as the liquid discharge locations for waste assessment. Additionally, the EDF facility 
is also equipped with an oxygen stripper to study the impact on solvent degradation. 
 
The current status of the Alstom Advanced Amine Process at EDF will be discussed in this paper.  The presented 
results include the performance of the UCARSOL™ FGC-3000 amine solvent evaluated under varied process 
conditions in an advanced flow scheme set-up. The test campaign comprised several series of tests, including energy 
consumption at varied liquid-to-gas flow ratios (L/G) in the absorber while maintaining 90% CO2 removal, the 
effect of varying process conditions at a set solvent circulation rate, and the effect of different absorber intercooling 
and recirculation configurations on energy consumption. Results show that the advanced flow scheme effectively 
reduced power and energy demand by over 30% at a 90% CO2 capture rate versus a conventional process scheme 
with MEA solvent.  
 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
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1. Introduction 
 Alstom Power and The Dow Chemical Company have jointly developed an Advanced Amine Process 
(AAP) with UCARSOL™ FGC-3000 amine solvent for the capture of CO2 from fossil fuel power plant-generated 
flue gas. This paper reviews both the test program experience and the results obtained from a completed 
demonstration unit test campaign at Électricité de France’s (EDF) plant in Le Havre, France.  This project was 
conducted from the beginning of 2010 to the summer of 2014, with the support from the French Environment and 
Energy Management Agency, ADEME as per its French acronym. This CO2 capture unit demonstrates the 
commitment of the respective companies to reduce the energy consumption associated with the capture of this 
greenhouse gas. 
 
1.1. Site and Demonstration Unit Description 
EDF’s power plant in Le Havre has 1 boiler left in operation, Boiler 4, from which the demonstration unit treats a 
flue gas slipstream.  Boiler 4 (600 MWe gross) is fired with hard coal and is equipped with a Selective Catalytic 
Reduction (SCR) system for NOx control, an Electrostatic Precipitator (ESP) for controlling particulate emissions, 
and a limestone Wet Flue Gas Desulfurization (WFGD) unit for SOx control.  A small portion of the WFGD exhaust 
stream, equivalent to 2 MWe, is routed to the CO2 capture demonstration unit. Table 1 shows the information 
relevant to Boiler 4 in Le Havre. 
 
The demonstration unit capabilities are summarized in Tables 2 and 3. The unit is designed to capture 25 tonnes/day 
of CO2. A nominal 5000 Nm3/h slip stream of exhaust gas is withdrawn from the WFGD exhaust stack and directed 
to the demonstration unit. The scrubbed flue gas stream and the CO2 product stream are both returned to the main 
exhaust duct leading to the power plant chimney.  Process steam is taken from the boiler steam supply and 
demineralised water is provided by the plant utilities. The demonstration unit control system is well instrumented for 
© 2014 Alstom Technology Limited. Published by Elsevier Limited. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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observing and recording the demonstration unit process performance and unit operation details.  The control system 
is fully automated to support continuous operation of the plant.  The gas streams’ CO2 and pollutant concentrations 
are continuously monitored using Non-dispersive Infrared (NDIR) flue gas analysers.  Several access locations are 
also provided for manual gas sampling.  
 
To support the demonstration unit operations an on-site laboratory is available in Le Havre.  This laboratory is 
equipped with several analytical instruments for evaluating amine solvent characteristics and process operation 
performance.  The equipment includes titration for solvent CO2, amine, and water content, ion chromatography for 
solvent analysis, and basic physical and chemical properties measurement equipment. 
 
To monitor the emissions incurred by the demonstration facility: 
 
x A sampling apparatus regularly sampled the treated flue gas. The sampling apparatus consists of a gas duct, 
a heated hose, a train of absorption impingers and valves and pump for fine flow rate control. Collected 
samples were then conditioned and sent to a Dow laboratory for detailed analysis. Limits of detection and 
of quantification will be discussed in a future paper. 
x  A FTIR (Fourier Transform Infrared) spectrometer‡ was used on the treated flue gas as well. 
 
Table 1 EDF Le Havre Boiler 4 Information 
Parameter Value 
Coal type Hard coal 
Steam parameters 180 bar/550°C/550°C 
Unit power rating 600 MWe 
Air Quality Control System SCR, ESP, wFGD 
Flue gas flow rate 2 000 000 Nm3/h 
CO2 volume fraction (wet) 10-12 %vol 
 
Table 2 EdF Le Havre Advanced Amine Process (AAP) Demonstration Unit  
Parameter Range 
Flue gas flow rate 2500 – 5000 Nm3/h 
Flue gas temperature 36 - 45°C 
Flue gas SOx content  220 mg/Nm3 @ 6%O2 
Amine solvent flow rate 12 - 25 metric tonnes/h 
CO2 removal efficiency Target 90% 
CO2 production rate 25 metric tonnes/day 
 
 
 
‡ Note that the FTIR was not calibrated against the amine compounds, but only against ammonia. The objective here was to demonstrate that FTIR was coherent with 
results from  impingers analysis. 
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Table 3 EdF Le Havre Advanced Amine Process (AAP) Demonstration Unit Equipment 
Equipment Specifications 
Flue Gas Conditioner Unit 11.8 m x 110 cm ID 
Flue Gas Conditioner Unit, deSOx Rating 91+% SO2 Reduction Efficiency 
Flue Gas Conditioner Unit Cooler Rating 150 kW 
Absorber, Lower Section Column 20.7 m x 120 cm ID 
Absorber, Upper Section +  Water Wash Column 24.3 m x 110 cm ID 
Water Wash Cooler Rating 30 kW 
Amine Regeneration Column 26.0 m x 60 cm ID 
Amine Regeneration Reboiler Rating 630 kW 
Amine Regeneration Cooler Rating 20 kW 
Cross Heat Exchanger Rating 2015 kW 
Lean Amine Cooler Rating 280 kW 
 
 
 
Fig 1. EDF pilot plant  
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1.2. Flow scheme and the solvent 
The AFS (Advanced Flow Scheme) process configuration tested at Le Havre is a proprietary design, jointly 
developed by Dow and Alstom, to provide minimal energy consumption and robust performance leading to reduced 
operating costs. It features an absorber column equipped with an integrated water wash section, a regeneration 
column equipped with an integrated direct contact cooler, associated heat management equipment, an oxygen 
stripper and an electrodialysis reclaimer unit. A simplified schematic of the Advanced Amine Process AFS is shown 
in Fig 2. 
 
Exhaust gas from the WFGD is routed to a flue gas conditioning column (not shown in Fig 2) where a first section 
of desulfurization using caustic soda further reduces the SOx content below 20 ppmv and a second section (not 
shown in Fig 2) cools down and controls flue gas temperature to below 40°C prior to introduction to the absorber 
column. A booster fan (not shown in Fig 2) provides the pressure necessary to drive the gas through the CO2 
absorber in which the CO2 reacts with the lean amine solution flowing counter-current and from the top. The treated 
(CO2 depleted) gas exits at the top of the column after flowing through a water wash section to minimize amine 
vapor losses. The absorber columns contain structured packing layered in several beds and selected for optimal CO2 
capture (mass transfer) and pressure drop (hydraulic) characteristics. Regular distribution trays designed to evenly 
distribute the gas and the liquid are placed in between the packed beds. Heat management equipment in the absorber 
column provides an opportunity to control both temperature and amine solvent flow rates in the lower absorber 
section.  
 
 
Fig 2. Simplified schematic of the Alstom-Dow Advanced Amine Process (flue gas conditioning column and O2 stripper not shown, CO2 
compression not implemented at Le Havre) 
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The rich amine exiting the CO2 absorber is sent to the regenerator column via a heat exchanger network. The CO2 is 
desorbed and the amine is regenerated to be sent back to the absorber for further absorption. Desorption of CO2 
within the regenerator includes heat integration features. The regeneration column contains packing material and is 
thermally driven with stripping steam. The rich solution flows down the regeneration column counter-currently to 
rising steam produced by boiling the lean solution exiting the bottom of the column in a steam reboiler unit fed with 
saturated steam generated by desuperheating live steam. After flowing through the rich-lean solvent cross heat 
exchanger, the lean solution returning from the bottom of the regeneration column is further cooled to the operating 
temperature at the top of the absorber in the lean cooler. 
 
The exiting water-saturated CO2 gas product stream is cooled in a top section located in the regeneration column 
where most of the water is condensed. The condensed water is then sent back to the amine loop or to the make-up 
water system to ensure neutral water balance. The CO2 product pressure is relieved prior to discharge to the plant 
exhaust duct but would be suitable for further compression and pipeline transportation.  
 
Amine solvent management is accomplished with the use of mechanical filters, an activated carbon bed filter, and an 
electrodialysis (ED) reclamation unit. The ED reclamation unit converts heat stable salts (HSS), formed from trace 
acid gas products in the flue gas and oxidation degradation products, into usable amines while eliminating the 
undesired acids associated with the HSS. The ED reclamation unit employs ion selective membranes in an electric 
field to segregate and extract the unwanted anions from the amine solvent stream. Caustic soda is used during the 
reclamation process to neutralize the heat stable amine salts during the membrane filtration. 
 
The amine solvent loop is also equipped with an oxygen stripper (not shown in Fig 2) to reduce amine oxidative 
degradation due to oxygen absorbed from the flue gas. The oxygen stripper treats the rich amine solvent exiting the 
CO2 absorber, where the solvent is exposed to a reduced pressure environment to promote the desorption of oxygen 
gas. The oxygen stripper is designed to extract most of the absorbed oxygen from the amine solvent stream with 
minimal impacts on solvent composition or the CO2 loading of the solvent. 
 
All columns and the amine solvent loop have been built in stainless steel materials to provide future opportunities to 
operate on other amine solvents that are potentially more corrosive. All cooling units are air-cooled to reduce 
process water consumption and associated piping. 
2. Test Program and Objectives 
 
The demonstration unit is modular and was constructed off-site and then re-assembled on-site in Le Havre between 
the end of 2011 and the beginning of 2012. Mechanical and electrical completion took place until mid-2012 when 
power unit 4 was stopped for scheduled maintenance. Cold commissioning started in fall 2012 and hot 
commissioning started in spring 2013.  
 
The first (metric) tonne of CO2 was captured on July 8th, 2013 (~350 metric tonnes of CO2 captured) and trial runs 
took place until beginning of October 2013 (summer being a period in which unit 4 is typically operated to provide 
peak-load). At the end of these trial runs, the tests designed to assess the performance of the AAP demonstration 
unit started. 
 
Given the planned unit 4 major outage from mid-March until end of 2014, the demonstration unit tests had to be 
completed before mid-March 2014. The operating team on site was expanded to operate 24/7 in order to maximize 
the amount of tests during the time available. 
 
The original test plan objectives for this demonstration facility are listed below[1, 2]. 
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x Verification of key process related objectives such as:  CO2 capture efficiency, thermal performance, and 
solvent management of the AAP technology. 
x Validation of AAP flow scheme including process tuning and stability mapping. 
x Comparative environmental study of advanced amine solvent UCARSOL™ FGC 3000 including gaseous 
emissions along with any liquid and solid waste streams. 
x Study of the impact of oxygen stripping on the degradation of amine solvent by correlating oxygen content 
against changes in solvent composition and AAP system performance. 
x Study of the performance of amine reclamation by electrodialysis during demonstration unit operation for 
efficiency and waste stream characterization. 
x Assess the corrosion resistance of steel and non-metallic materials at key locations in the demonstration 
unit. 
x Demonstrate AAP technology robustness and behaviour during transient operating modes such as load 
variations and “cold” and “hot” start-ups and shut-downs. 
 
This test plan was regularly prioritized and updated throughout the campaign. The testing period amounted to 
approximately 6 months concluding in March 2014. Several individual test campaigns were completed with specific 
objectives. The test campaigns to satisfy the above objectives are listed below 
 
x Energy performance curve tests at 90% CO2 removal  
x AFS parametric study to address the sensitivity of energy performance to key process parameters  
x Benchmark tests for the comparison of amine performance at same process conditions over a period of time 
to understand the impact of solvent quality in energetics  
x Process performance and solvent degradation with O2 stripper operation 
x Amine reclamation via the electrodialysis unit 
x Emissions study that include tests from Dow, Alstom and by the third party contractor SINTEF  
x Transient operation to understand process flexibility 
 
The rest of the paper discusses only the results from energy performance curve tests, parametric study and some 
tests on solvent evaluation, obtained during these test campaigns.  
 
3. Results and Discussion 
The demonstration unit captured a total of ~1,900 metric tonnes of CO2. Overall, 2700 hours of solvent circulation 
were recorded, of which 700 hours are attributed to keeping the solvent warm and circulating. In the remaining 2000 
hours the demo unit captured CO2.  
3.1. Energy Performance 
 
At the beginning of the R&D testing phase, some operating hours were used for instrument verification and heat loss 
tests. The instrument verification tests were utilized to understand the uncertainty associated with the key process 
parameters. The heat loss tests were completed to estimate the heat loss in the pilot plant in order to have a proper 
evaluation of the expected reboiler duty on a large scale plant with better insulation and less side effects. The heat 
loss tests provided the means to calculate the thermal energy losses as a function of ambient temperature for all the 
major unit operations and for each test during the campaign. The energy consumption figures reported in this paper 
have been corrected for heat loss.  
 
The energy performance curve shows the performance of the process and solvent at 90% CO2 removal at different 
liquid-to-gas (L/G) ratios. The L/G ratio for these tests was modified from 3.8 to 5.3 (in kg/kg) at a constant inlet 
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flue gas flow rate and CO2 concentration. During the entire EDF test campaign the inlet flue gas CO2 content (wet) 
was ~10-12 %vol. The results of the energy performance tests are illustrated in Fig 3.  
 
All test data illustrated in Fig 3 correspond to a removal rate of 90%+/-2%. An additional test at L/G = 3.3 kg/kg 
was included in order to complete the energy performance curve, but due to the constraint on the solvent 
temperature at the reboiler outlet (to minimize thermal degradation), the CO2 capture rate in this case was limited to 
81%. This data point is not shown in Fig 3. If the thermal degradation constraint on the reboiler outlet temperature 
(Treb outlet < ~130 deg C) was not imposed during the test program, an energy performance curve would continue to 
drop with L/G until a point where the inflection occurs, beyond which 90% removal is achievable only with high 
energy penalty.  This is illustrated as a dashed line in Fig 3 where the energy consumption increases as the L/G 
reduces after the inflection point. It is for this specific reason, the design point was at an L/G =3.8 kg/kg, the 
minimum circulation rate at which 90% CO2 removal is achieved with the reboiler outlet temperature < ~130 deg C.  
Note that the dashed line shown in Fig 3 is just a sample curve.  It is not obtained from experimental or simulation 
data.  
 
The minimum reboiler duty, corresponding to the leftmost point, is observed (as expected) for the design case (i.e. 
the nominal L/G = 3.8 kg/kg) at 2.6 Gigajoules per metrics tonne of CO2 captured (GJ/mTCO2) at 90% capture rate.  
Note that energy performances lower than 2.6 GJ/mTCO2 at 90% capture rate were consistently achieved for several 
tests that were completed at different optimized process conditions. These tests will be discussed in the next 
sections. 
 
The lean and rich loading variation in the energy performance curve is shown in Fig 4. As one can see, the variation 
in the rich loading is minimal, but the lean loading increases as the solvent circulation rate increases.  Due to the 
absorber improvements in the advanced flow scheme, the rich loading from the bottom of the absorber remains 
constant at constant flue gas and temperature conditions in the column. However, as the solvent circulation rate is 
increased, due to the increased capacity, the solvent from the bottom of the regenerator entering the absorber top 
does not have to be leaned out to achieve 90% CO2 removal. Hence, the lean loading entering the absorber increases 
as the solvent circulation rate increases at 90% CO2 removal rate (mass basis).  
 
 
Fig 3. Energy performance curve at 90% CO2 removal 
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Fig 4. Variation of CO2 loading in the energy performance curve 
3.2. AFS Parametric Study 
 
The second series of tests in the R&D test phase was termed “AFS parametric study”. The objective of the series of 
AFS process performance parametric tests was to study the sensitivity of a few key process parameters on overall 
energy consumption at 90% CO2 removal. Three different process parameters, AFS flow distribution, absorber 
operating temperatures, and operating pressures in the regenerator were studied during this phase. The inlet flue gas 
flow rate and CO2 concentration were operated with minimal disturbance through this campaign.  
 
3.2.1. Flow Distribution 
 
 
One of the key features of the advanced flow scheme is the flow distribution in the absorber, regenerator and heat 
exchanger network. Several tests were completed to study the optimum flow distribution in AFS. The energy 
performance of the process at different flow distribution scenarios in the AFS is shown in Fig 5. At the optimized 
flow distribution (case 3), 90% CO2 removal was achieved with an energy performance of ~ 2.3-2.4 GJ/mTCO2. 
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Fig 5. Energy performance sensitivity at different flow distribution (Case 4 design case flow distribution) 
It must be noted that the optimized flow distribution identified was different from the design conditions described in 
the energy performance curve section discussed earlier. Hence, a new energy performance curve test series was 
completed at these optimum flow distribution conditions to be compared with the design case energy performance 
curve. This comparison is shown in Fig 6. As one can see, the energy performance in the optimized flow distribution 
case was consistently lower than the design case. Throughout the campaign, 90% CO2 removal was consistently 
achieved with an energy consumption of 2.4 GJ/mTCO2.  
 
 
Fig 6. Energy performance curve comparison with optimum and design flow distribution 
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3.2.2. Regenerator Pressure 
 
 
Regenerator operating pressure has a strong impact on several aspects of the process such as energy performance, 
thermal degradation of solvent, minimum liquid circulation needed for 90% CO2 removal, compression duty etc. 
Hence it is important to obtain test data at the demo scale for this parameter to assess the model predictions.  
 
The regenerator operating temperature increases with pressure, and so is the potential for thermal degradation of the 
solvent. In the energy performance curve (at a fixed gas flow rate and CO2 concentration), as the capacity of the 
solvent to absorb CO2 increases with increasing circulation rate, the solvent lean loading will also increase. This was 
described earlier in Fig 4 in terms of CO2 loading variation. The increase in lean loading will be accomplished by 
reducing reboiler outlet temperature, which in turn is controlled by the steam rate.   
 
While it is beneficial to operate at lower temperatures in the regenerator reboiler due to its thermal degradation 
potential, it is also essential to lower the circulation rate to minimize auxiliary consumption. To minimize the 
sensible heat requirement in the regenerator and auxiliary consumption, it is recommended to operate the unit at the 
minimum circulation rate necessary to achieve the prescribed 90% CO2 removal. The minimum circulation rate will 
also depend on the optimum energy performance.  
 
As suggested earlier, the lean loading exiting the regenerator reboiler is a function of operating pressure and 
temperature. For the same reboiler temperature, lower lean loading can be achieved at a lower regenerator operating 
pressure. Hence, the minimum circulation rate (L/G) necessary to achieve 90% CO2 removal is lower at a lower 
regenerator operating pressure. On the other hand, the ratio of partial pressure of H2O and CO2 in the regenerator 
decreases at higher operating pressures. This implies lower overall steam requirements at higher operating pressures. 
Hence at higher operating pressures the overall reboiler duty required to remove 90% CO2 would be lower.   
 
With this premise, the intent of this test series is to generate energy performance curves at three different regenerator 
operating pressures. However, at higher regenerator pressures flow instability was experienced in the absorber and 
regenerator columns. Hence the study was completed only at two different regenerator operating pressures. A 
conventional amine process generally operates with a regenerator pressure of 1.5-1.7 bara.  In this case, both 
operating pressures studied in the test campaign were higher than the conventional amine process regenerator 
pressure.  
 
The energy performance curve for 90% CO2 removal at two different regenerator operating pressures are shown in 
Fig 7.  One can see that the performance curve at the lower regenerator pressure is shifted towards lower L/G and 
higher reboiler duty. As suggested earlier, this is expected as lower regenerator pressures normally result in higher 
energy consumption even though the liquid circulation rate (sensible heat requirement) is lower. The lean and rich 
loading variation in the energy performance curve is shown in Fig 8. As one can see, the relative variation in the 
lean loading is much higher at lower regenerator operating pressure.    
 
Note that the higher regenerator pressure shows the obvious benefits in overall energy consumption. However, a 
complete economic analysis on the parameters such as savings on compression duty, increase in auxiliary 
consumption etc., will be required to quantify the overall benefit.  
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Fig 7. Energy performance curve comparison at different regenerator pressures 
 
Fig 8. Variation of CO2 loading in the energy performance curve 
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3.2.3. Absorber Operating Temperatures 
 
 
Absorber operating temperature plays a vital role in increasing solvent capacity and in turn reducing overall energy 
consumption. From the solvent/CO2 phase equilibrium curve, it is well understood that at constant partial pressure of 
CO2, lower solvent temperatures increases the equilibrium CO2 loading and hence the potential absorption capacity. 
However, lower solvent temperature also reduces the reaction rate and requires longer residence time (packing 
height) to absorb CO2. Therefore, it is essential to understand the optimum operating temperatures in the absorber 
system to maximize solvent capacity as well as minimizing column height and energy consumption. With that 
premise, the intent of this test series is to study the energy requirement for 90% CO2 removal at the same solvent 
circulation rate but at different absorption temperatures. Note that, the lean solvent flow rate, inlet flue gas 
conditions, and temperature entering the absorber was maintained constant for these runs.  
 
The absorber column was operated at 40°C, 35°C and 28°C respectively. At each of these test temperatures, the 
energy requirement to achieve 90% CO2 removal at the same solvent circulation rate was determined. As the 
absorption temperature dropped from 40 °C to 28 °C the energy consumption dropped by 6% and the rich loading 
increased by ~13%. The effect of absorber temperatures in rich solvent CO2 loading is shown in Fig 9.  
 
 
 
Fig 9 Effect of absorber temperatures in rich CO2 solvent loading 
3.3. Solvent Management and Degradation 
No additives were added to Dow’s solvent formulation except for a small quantity of anti-foam (UCARSOLTM 
GT10).  The flue gas polisher and O2 stripper were operated during  the entire test campaign and solvent temperature 
at the hottest process location, i.e. reboiler outlet, was maintained under a strict value (slightly below 130°C) to 
minimize thermal degradation. Within these conditions, UCARSOLTM FGC 3000 showed good stability behaviour 
during the capture period. 
 
The reclaimer was not required as the heat stable salts generated during this time were well below the threshold to 
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start reclaimer operation. The reclaimer was nonetheless operated in the very last week of tests to validate its 
performance.  
 
The degradation rate and rate of by-product build-up were also comparable to published pilot plant degradation 
studies on MEA. [3] For instance, Moser reported an MEA loss rate of 0.28 kg/tonne CO2 (from degradation only) 
while a loss of starting amine of 0.23-0.30 kg/tonne CO2 (from degradation and emission) was reported during this 
campaign.  In an earlier publication [4], a lower solvent degradation rate than MEA was reported when both solvents 
were tested in the same pilot plant under the same conditions.  The solvent degradation rate in the current study was 
also considerably lower than a report on a specialty formulated solvent.[5] 
 
3.4. Emissions 
Amines and ammonia emissions were sampled and reported throughout the demonstration unit tests period. Amines 
emissions were generally low (a few ppmv). These are consistent with the reported results from previous Dow-
Alstom studies at a Charleston, West Virginia pilot plant (below 2 ppmv), and also in line with the low volatility of 
the solvent amines. Somewhat higher emissions were sometimes observed with peaks infrequently higher than 50 
ppmv. 
 
Aerosol excursions as a cause cannot be ruled out for increased amine emissions as reported by others  [6, 7, 8]  
Several reduced amine emission strategies including  acid washing and more efficient mist elimination have been 
studied by Alstom but were not incorporated in the EDF design.  
 
Ammonia emissions were lower (< 2 ppmv) than the amine emissions. This is consistent with the observed solvent 
stability and robustness after 1900 captured tonnes of CO2. Consistent analysis (without spikes) was observed on 
ammonia emissions.  
 
The semi-quantitative FTIR measurements were in good agreement with impinger measurements both for amines 
and ammonia. 
 
4. Summary 
Alstom’s ’s Advanced Amine Process (AAP) for CO2 capture from combustion flue gas used an advanced amine 
solvent, UCARSOL™ FGC 3000, developed specifically by Dow. Based on experience previously gained from the 
Charleston pilot plant, Alstom and Dow developed the “Advanced Flow Scheme” featuring improvements on the 
absorber, regenerator, and thermal management systems. For validation, it was implemented in the design of the 
pilot constructed at EDF’s Le Havre power plant, in France. This demonstration facility designed to capture 25 
metric tonnes of CO2 per day treated a flue gas slip stream from the coal-fired unit 4. 
 
From July 2013 until March 2014, 1900 metrics tonnes of CO2 were captured. Joint (EDF + ALSTOM) 
comprehensive tests were carried out during 6 months (beginning of October 2013 until mid-March 2014). This 
work summarized some of the results from the campaign. Below are the main takeaways 
 
x A thermal performance of 2.3-2.4 GJ/t CO2 captured at 90% capture rate was consistently demonstrated. 
x Parametric study provided the experimental data required for model development and also showed some 
optimization opportunities 
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x The solvent behavior shows good thermal and chemical stability.  The electrodialysis reclaimer was not 
needed during the test period to reduce heat stable salts. 
x Gaseous amine emissions were low (a few ppmv), but emissions excursions were recorded with peaks 
higher than 50 ppmv probably due to aerosol formation. Ammonia emissions were low (< 2 ppmv) 
The pilot plant on-site team workforce was sized to operate 24/7 to maximize the amount of tests during the time 
available before the power plant shut down. A learning curve of a few months duration was necessary for the 
operators to properly operate the pilot plant. Measurements and data quality was a continuous improvement process. 
 
The EDF Le Havre CO2 capture demonstration facility was stopped mid-March 2014 since major renovation works 
are to be carried out on Le Havre unit 4 until the end of 2014. The current project with Alstom, Dow and ADEME 
will end after the final interpretation and reporting of all the pilot plant data. The Le Havre demonstration facility 
will be the full property of EDF at this date. Given the large investment consented to build this demonstration unit, 
EDF is looking for possible future uses of the demonstration unit. 
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